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Abstract 
IRSA-Indonesia 5, a bottom-up CGE model, was employed to analyze the impacts of fiscal support to the sub-national region to 
implement energy efficiency policy. By implementing several scenarios in Indonesia, it is suggested that to be more effective in 
the emission reduction efforts, the transfer should be distributed on lump sum basis. Furthermore, the lump sum transfer is more 
effective to boost the economy as well as households consumption. Moreover, to reduce poverty the fiscal transfer should be 
dedicated to the least developed region particularly. 
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Nomenclature  
R1 Sumatera region CGE computable general equilibrium  
R2 Jawa-Bali region GDP gross domestic production 
R3 Kalimantan region IDR Indonesian  Rupiah 
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R4 Sulawesi region USD United States Dollar, 1 USD = IDR 11 995 (June 2014) 
R5 East Indonesia region CO2e carbon dioxide equivalent 
RIM regional incentive mechanism Tonne 103 kg  
IRSA-Indonesia 5 inter regional of system analysis for Indonesia-5 regions 
1. Introduction 
On its first Green Paper, Ministry of Finance introduced a mechanism to support local government in climate 
change financing, so called as Regional Incentive Mechanism (RIM). This mechanism is intended to provide 
incentives for sub-national stakeholders to play a more significant role in emissions reductions [1]. As an initiative to 
support the emission reduction from the energy sector, the Ministry of Finance has conducted a study resulting in 
their second Green Paper on the energy sector. There are several initiatives available to curb fossil energy 
consumption, including energy efficiency [2].  
According to those papers, it is expected that by providing such mechanism it will enable the central government 
to provide payments to regional governments to support climate change mitigation action. It is also expected that the 
mechanism could link to the outcome of the policy in regional level. It is also suggested that the regional 
government will have an adequate autonomy to decide the most cost-effective proposals to implement, keeping in 
mind their development priorities [1].  
According the state budget, the large portion of subsidy will pay for energy subsidy rather than for non-energy 
spending. The energy subsidy amounted to 86 % in 2013 and 85 % in 2014, the majority of which, 67 %, was 
allocated for fuel subsidy.  
 Table 1. Subsidy allocation in the national budget (2013 – 2014) [3] 
Subsidy allocation 2013 – 2014 (IDR trillion) 
  
  Item  
2013 2014 
IDR  % IDR  % 
Subsidy 348.1 100 % 333.7 100 % 
1.  Energy subsidy 299.8 86 % 282.1 85 % 
i.    Fuel subsidy 199.9 67 % 210.7 63 % 
ii.  Electricity subsidy 100 33 % 71.4 21 % 
2.  Non energy subsidy 48.3 14 % 51.6 15 % 
 
In the government budget, there is a potential to implement the fiscal transfer for energy efficiency purposes. This 
occurs due to large portion of budget to be transferred to the region and lack of current support for energy efficiency 
program. The following table illustrates the state budget transfers to the regions, which shows the inadequate amount 
allocated for the development of energy efficiency program.  
Table 2. Transfer to regional governments (2009 – 2014) [3] 
Items 2009 2010 2011 2012 2013 2014 
Transfer to regions          308.6           344.7           411.3           480.6           529.4           592.6  
A. Balancing fund          287.3           316.7           347.2           411.3           445.5           487.9  
     i. Profit sharing fund            76.1             92.2             96.9           111.5           102.7           113.7  
    ii. General allocation fund          186.4           203.6           225.5           273.8           311.1           341.2  
   iii. Special allocation fund            24.7             21.0             24.8             25.9             31.7             33.0  
          iii.i. Country electricity fund            0.15                   -             0.19                   -             0.43             0.47  
         iii.ii. Other special allocation fund            24.6             21.0             24.6             25.9             31.3             32.5  
B. Non balancing fund             21.3             28.0             64.1             69.3             83.9           104.7  
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2. Research method 
This study was aimed to provide analysis of the impact of providing fiscal support to the regional government in 
the form of fiscal transfer on energy efficiency. Thus, in order to meet those objectives, this paper employs IRSA-
Indonesia 5, which was developed by Resosudarmo et al. [4]. This model is a quantitative method of inter-regional 
CGE model, while each region is classified into 35 sectors. IRSA-Indonesia 5 is a bottom-up approach inter-regional 
CGE model which was created as an analytical tool for the policy makers to better understand the regional or 
national policy impacts. The model segregates Indonesia into five regions: Sumatera (R1), Jawa-Bali (R2), 
Kalimantan (R3), Sulawesi (R4), and East Indonesia (R5).  
In this paper, three scenarios were applied to measure the impact of the fiscal transfer on energy efficiency to the 
Indonesia’s region(s). Those scenarios are: firstly, an additional 10 % lump sum fiscal transfer to all of the sub-
national and the implementation of 10 % energy efficiency to all regions, secondly, an additional 10 % fiscal transfer 
to R2 to support the implementation of 10 % energy efficiency in R2, and thirdly, an additional 10 % fiscal transfer 
to R5 to support the implementation of 10 % energy efficiency in R5. The first scenario is executed with a 
consideration that the fiscal support should be distributed equal to all of the region, since the initiative to be more 
efficient in the energy consumption should be undertaken by all region. The second scenario is implemented with a 
consideration that Jawa-Bali (R2) is the most populous island, with the best economic condition yet most consuming 
energy as well. Thus, the initiative to provide fiscal support to this region is expected to give a more positive impact 
to the economy. The third scenario is to provide fiscal transfer to least developed region – East Indonesia (R5) – 
carried out in order to compare the final result of energy efficiency policy with the best economic condition – Jawa 
Bali (R2). 
2.1. The Computable General Equilibrium (CGE) 
Hosny [5] stated that general equilibrium models can analyze the reason behind equilibrium found in the market. 
It is also noted that the general equilibrium method has a specific advantage in looking the overall economy as a 
closed and correlated each other under a system that is looking for the spontaneous equilibrium rate of the relevant 
variables. It is also known that general equilibrium may correlate all sectors in the particular economy. This model, 
in the same time, is able to explain the relationships between households’ expenditure and incomes.  The model also 
clarifies those households still on their budget line whilst primary factors of production still under the economy’s 
thresholds in terms of the national factor of productions.  
Additionally, Resosudarmo et al. [4] noted that the equilibrium in the model characterizes a market condition, 
where the supply of goods equal to the demand at the level of price when the supplier agrees to sell the goods and 
the customer agrees to buy. Thus, it is noted that while all markets are in the equilibrium, the situation called a 
general equilibrium status. Therefore, Resosudarmo et al. [4] explained further that CGE is a model which consists 
of equation (in mathematical terms) in all aspects of institutions’ responses, such as buyers’ and suppliers’ responses 
and the market clearing situation of goods and services in such economy. Furthermore, those equations in the model 
are separated into five components/blocks. The first component is the production block, which represents the 
production action by suppliers and their manners. Second block is the consumption block, which represents 
households’ manner and other agents. The third block is the export-import block, which represents the export or 
import of goods or services based on the economy preferences. The fourth block is the investment block, which 
models the investment in the country’s level. Lastly, the market clearing block, which serves to explains the market 
clearing situations for workforces, goods and services in the country as well as the national balance of payment.  
2.2.  IRSA –Indonesia 5  
IRSA-Indonesia 5 is featured with a dynamic CGE which splits Indonesia into five areas: Sumatra (R1), Jawa-
Bali (R2), Kalimantan (R3), Sulawesi (R4) and East Indonesia (R5). In this model, Indonesia is depicted as an open 
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country which openly connected each area to others as well as connected with the rest of the world (ROW). The 
connection represents the flow of commodities, factors of production and transfers between the agents [4].  
 
Figure 1. demand for commodities in each region [4] 
 
The other features of this model is that every area comprises 35 sectors of production, 16 types of labor, and two 
types of households (rural and urban). It is also featured with the CO2 emission calculation from energy use by 
production and households [4].  
 
 
Figure 2. household income [4] 
 
The mathematical functions of the model are as follows [4]: 
x Leontief function used to depicts the production function of all intermediate goods and a composite of value 
added. 
x Constant Elasticity of Substitution (CES) function to illustrate the composite of value added combination of 
import and domestic used of goods, as well as the use of domestic goods among themselves.  
x Linear Expenditure System (LES) function to correlate the demand of households toward each commodity.  
x The model is closed with market clearing to all markets of commodities and productions factors, where the 
supply accord to demand.   
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     Figure 3. production in each region [4] 
3. Literature review 
3.1. Implementation of CGE in Indonesia 
CGE model has already been known on its robustness in measuring the impact of policy to several sectors as well 
as to an economy in whole. In Indonesia, there are several economic models under CGE that have been developed 
and utilized to find out the impact of several policies. Amir [6] emphasized that there are several CGE models in 
Indonesia which are able to determine several government policies including tax policy. Amir [6] also noted that 
CGE may analyze the impact of the personal income tax changes in the Indonesia economy, as well as the impact of 
indirect tax, import tariff, household income tax and government expenditure. The study also explained that CGE 
model was also able to find the impact of environmental reforms by introducing carbon tax policy and fuel pricing 
reform. 
Resosudarmo et al. [4] examined that CGE model in Indonesia initiated by the end of 1980s. Referring to them, it 
was started to be developed in 1986 resulting in BPS, ISS and CWFS models. Those authors continued that the 
second generation of CGE model in Indonesia was begun to be developed in 2000s, among them are Indorani and 
Wayang model. That study found that the differences between this two model generations are more on the fact that 
the first generation is a static and mostly based on Input Output table (with the consequence that the model cannot 
figure out the impact to the households), while the latter model, although still a static model, it applies the Social 
Accounting Matrix (SAM) and has more households classification [4]. 
In Indonesia, the CGE model has been developed further. There are several CGE models were developed in 
Indonesia, which are inter-regional CGE models and dynamic CGE models [4]. One of the inter-regional CGE 
models is IRCGE model by Resosudarmo et al. [7] in 1999 which divides the production sector into Jawa and non-
Jawa, whilst the households comprises of Sumatera, Jawa, Kalimantan, Sulawesi and rest of Indonesia. A dynamic 
financial CGE model by Azis [8] is an example of dynamic CGE models in Indonesia. The model measured the 
impact of Asian financial crisis to the Indonesia economy. Since the model recognizes the financial sector, thus the 
impact of particular policies in this sector can be measured. Resosudarmo [9] in 2002 introduced another dynamic 
model of CGE which include the environmental factors, mostly on pollution.  
Recent studies show, the usage of integrated CGE approach with the energy sectors in Indonesia also accelerated 
in a quick pace. Several studies try to address the uniqueness of the Indonesian fuel policy with its impact on socio-
economic system. Fuel subsidies and poverty models [10], biofuels and climate change model [11], energy pricing 
policies model [12] and most recently a domestic fuel price increase impact analysis model [13] to address one of 
the Indonesian biggest policy discourse are among the CGE models which focuses on addressing the energy 
interaction with economy in Indonesia.  
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3.2. Decentralization and its impact to the economy 
Hartono and Irawan [14] examined that as the result of political reform in Indonesia, decentralization was first 
purposed to enhance the local governments’ economic development level and its balance. They found that during 
2003 to 2006, almost all provinces (except Papua) experienced a positive economic growth, although such 
decentralization did not always result in achieving income equality among Indonesians. This fact can be 
corroborated from Gini coefficient which was fluctuated and rose by 2005 [14]. Almost similar result was gathered 
by Azis [15] which concluded that the central and local governments seemed unprepared to implement the 
decentralization. The author also noted that there were also problems in accountability and participation, as well as 
only few incentives available for local leaders. Then, the study suggested that to enhance the welfare effect of 
decentralization and also to create a more effective decentralization policy, institutional reforms are needed. 
In addition, by exploring the local government side, Hartono and Irawan [14] also found that the fiscal transfer 
had been the main sources for the local governments to raise additional revenues, which may hamper their economic 
development in the long run. As the result, their study also summarized that the high level of fiscal transfer induces 
higher local government expenditures and increases the potential rate of economic imbalances. Thus, the study 
pointed out that the fiscal transfer should not just consider the fiscal capacity of region but also mandating particular 
central government policy in order to increase the effectiveness of the transfer.  
3.3. Energy efficiency initiatives 
Hartono and Resosudarmo [16] studied the impact of energy efficiency by constructing Social Accounting Matrix 
on Energy. On this study, it was concluded that the energy efficiency policy is better than the restriction on energy 
use, this is due to energy efficiency will increase the household income while restriction on energy use will decrease 
the household income. As the result, the paper encouraged the government to support the energy efficiency policy 
and it should be targeted more on industry sector rather than on households. Hence, the top priority industries to be 
more energy efficient are (i) Pulp and Paper Industry, Construction and Land Transportation for automotive diesel 
oil; and (ii) Trade, Pulp and Paper Industry and Textile Industry for Electricity [16]. 
4. Result and analysis 
4.1. The impact of fiscal transfer on the energy efficiency to the emission reduction 
From the following table, it can be concluded that providing fiscal transfer on the energy efficiency will be 
beneficial to the emission reduction, both in national and sub-national level. It can be inferred that the fiscal transfer 
will be more effective if it is distributed in lump sum basis (Scenario 1) rather than dedicated to particular region 
(Scenario 2 and  Scenario 3). Total of 9 350 tonne CO2e can be curbed from the fiscal transfer to support energy 
efficiency in overall Indonesia (Scenario 1), with Jawa-Bali (R2) support most at 5 450 tonne CO2e, and followed by 
Sumatera (R1) at 2 270 tonne CO2e. 
Table 3. Impact of fiscal transfer on energy efficiency to the carbon emission 
Emission 
Scenario 1 Scenario 2 Scenario 3 
Incidence  % Incidence  % Incidence  % 
National (9.35) -2.74 (5.65) -1.66 (0.26) -0.08 
R1 (2.27) -4.10 0.13 0.23 0.01 0.01 
R2 (5.45) -2.21 (5.88) -2.38 0.07 0.03 
R3 (0.80) -4.33 0.03 0.15 (0.01) -0.03 
R4 (0.52) -3.61 0.05 0.37 0.00 0.03 
R5 (0.30) -5.62 0.02 0.41 (0.33) -6.15 
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Compared with Resosudarmo et al. [4] when the fiscal decentralization provided with no particular energy 
efficiency purpose, the emission curbed is about 0.06 % in the national level. This means that fiscal transfer with the 
energy efficiency purpose will be better in terms of curbing more emission, where for Scenario 1 2.74 % carbon can 
be curbed, 1.66 % and 0.08 % for Scenario 2 and Scenario 3, respectively. In the regional level, Scenario 1 will 
always results in carbon emission reduction for all regions.  Scenario 2 will reduce the carbon emission only in 
Jawa-Bali (R2) for 2.38 % or about 5 880 tonne CO2e, while only Kalimantan (R3) and East Indonesia (R5) will be 
reduced in Scenario 3. 
4.2. The impact of fiscal transfer on energy efficiency to the households consumption in rural and urban 
Table 4. Impact of fiscal transfer on energy efficiency to the households’ consumption in rural and urban 
 Region Households Rural Urban 
Scenario 1 R1 0.75 % 0.86 % 
R2 1.09 % 1.36 % 
R3 0.18 % -0.02 % 
R4 0.88 % 1.38 % 
R5 0.99 % 1.26 % 
Scenario 2 R1 0.02 % -0.03 % 
R2 1.01 % 1.25 % 
R3 -0.34 % -0.58 % 
R4 0.12 % 0.24 % 
R5 0.28 % 0.37 % 
Scenario 3 R1 -0.03 % -0.10 % 
R2 0.01 % 0.02 % 
R3 -0.11 % -0.25 % 
R4 0.00 % -0.01 % 
  R5 0.66 % 0.84 % 
 
As shown in Table 4 above, under Scenario 1, all households consumption in rural increases as the result of 
transfer payments, with Jawa-Bali experiences the highest increases level (1.09 %) and Sumatera (R1) increases the 
least. On the other hand, the urban households consumption in Kalimantan (R3) decreases by 0.02 %,  while the 
other regions increases. 
On the Scenario 2, only Kalimantan (R3) experiencing decreases on its rural households consumption, while  
urban households consumption of Sumatera (R1) and Kalimantan (R3) decreases. On Scenario 3, the consumption in 
rural households decreases in Sumatera (R1) and Kalimantan (R3). On urban consumption basis, only Jawa-Bali 
(R2) and East Indonesia experience an increase.  This result shows that providing lump sum transfer to the region 
will give higher increase in the consumption for both urban and rural households. Conversely, the consumption will 
increase least by giving transfer payment in energy efficiency to the least developed region.  
4.3. The impact of fiscal transfer on energy efficiency to the gdp and poverty level 
The Table 5 below confirms that the fiscal transfer with regard to energy efficiency will increase the economic 
level, both nationally and sub-nationally. The highest total GDP increase is in Scenario 1, with Jawa-Bali and 
Kalimantan will enjoy most. Yet, in terms of poverty reduction, the fiscal transfer to support the energy efficiency 
will give highest impact in Scenario 3, where East Indonesia (R5) will impact most at 1.26 % in urban area and 1.14 
% in rural area. 
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Under Scenario 1, the lump sum approach gives positive impact to the poverty level. In this scenario, the poverty 
level is decreasing in almost all over region. In national level, the poverty level in urban decreases by 0.66 % and 
1.47 % in rural, while the poverty level in urban area decreases most in East Indonesia (R5) while it increases 
Kalimatan (R3). The poverty level in rural declines in all regions, the highest decline is in Jawa-Bali (R2) at 2 % and 
the lowest is in Kalimantan (R3) at 0.02 %. The lump sum transfer dedicated to energy efficiency provides a support 
to the GDP level, where under this scenario the GDP level increases at 1.14 % on the national level. On the regional 
level, Sumatera (R2) enjoys most at 0.48 % whilst Kalimantan (R3) is the least at 0.01 %. The results show that 
lump sum scenario will make the poverty level and economy better-off, mostly for the national level. The region 
where its economy mostly depends on the energy will be worsen or experiencing least economic improvement 
through such scenario. 
In Scenario 2, where the transfer is dedicated to the good economic condition area, i.e. Jawa-Bali (R2), the 
poverty level and GDP will be better-off. Eventhough the increase of the economy is not as high as in the lump sum 
scenario, but it indicates that the fiscal transfer in energy efficiency will support the economic development. 
Scenario 3 shows that the transfer will give positive impact to the economy in national level, but only Jawa-Bali 
(R2) and East Indonesia (R5) enjoy the decrease in the poverty level.  
Table 5. Impact of fiscal transfer on energy efficiency to the GDP and poverty level 
  Poverty  
    Urban Rural GDP 
Scenario 1 National -0.66 % -1.47 % 1.14 % 
R1 -1.24 % -0.80 % 0.22 % 
R2 -0.56 % -2.00 % 0.48 % 
R3 0.01 % -0.02 % 0.01 % 
R4 -0.45 % -1.19 % 0.40 % 
R5 -1.36 % -1.27 % 0.33 % 
Scenario 2 National -0.37 % -1.15 % 0.76 % 
R1 0.10 % -0.04 % -0.01 % 
R2 -0.52 % -1.96 % 0.42 % 
R3 0.09 % 0.18 % -0.08 % 
R4 -0.08 % -0.19 % 0.09 % 
R5 -0.63 % -1.02 % 0.12 % 
Scenario 3 National -2.18 % -5.41 % 0.01 % 
R1 0.11 % 0.08 % -0.05 % 
R2 -0.01 % -0.03 % 0.00 % 
R3 0.04 % 0.06 % -0.07 % 
R4 0.00 % 0.00 % -0.02 % 
  R5 -1.26 % -1.14 % 0.17 % 
 
Based on the above scenarios, it can be concluded that the transfer will be better for the region with good 
economic background, since such transfer will reduce the poverty level in almost all regions and increase the GDP 
level. Therefore, in that respect, lump sum transfer will be the best choice for government in providing support for 
energy efficiency. 
5. Conclusion 
It is suggested by this study that the fiscal transfer to support energy efficiency gives positive impacts to the 
economy and carbon emission. The policy will give a more effective impact to the carbon emission reduction and 
economy, if it is given in lump sum basis. That such scenario by providing lump sum transfer for energy efficiency 
will also give a positive impact to the consumption level of households, better than dedicated to particular region. 
However, it will give more positive impact to poverty reduction, if the policy is dedicated to the least developed 
region. What this paper furthermore highlights is that the fiscal transfer can also be regarded as an innovation in the 
government energy policy. Such mechanism incorporates poverty reduction and higher GDP level as the values of 
the policy.  
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Nevertheless, this paper has not yet addressed the dynamics of the fiscal transfer into detail. Therefore, another 
avenue that can be suggested as a future research is to further examine this particular issue in order to provide more 
insights on the problem and challenge in the implementation of the fiscal transfer. Such an approach for this purpose 
should provide reflexive analysis that captures the feedback mechanism within the fiscal transfer implementation. 
For example, one can consider the use of systems modeling method like system dynamics.   
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